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In reply to Office Action dated October 12, 2006 

REMARKS 

Applicants wish to thank the Examiner for the courtesy extended to the telephone 
interview conducted on January 30, 2007 with the undersigned. Applicants respectfully request 
reconsideration of this application in view of the foregoing amendments and following remarks. 
Status of the Claims 

Currently, the claims under examination are claims 1-1 1, 15, and 16. Claims 12-14 were 
previously withdrawn from examination by the Examiner. All of the pending claims (i.e., claims 
1-11,15 and 16) stand rejected. In this paper, claim 1 is amended. No new matter has been 
added by this amendment. 
Rejections 

Claims 1, 2, 9, 10, 15, and 16 have been rejected under 35 U.S.C. § 102(b) as allegedly 
being anticipated by JP 2000-231 105 A to Shirasaki ("Shirasaki"). 

Claims 5 and 6 have been rejected 35 U.S.C. § 103(a) as allegedly being unpatentable 
over Shirasaki in view of U.S. Patent Application Pub. No. 2002/0005824 to Oshitani 
("Oshitani"). 

Claims 7 and 8 have been rejected 35 U.S.C. § 103(a) as allegedly being unpatentable 
over Shirasaki in view JP 10-288705 A to Aoki et al. ("Aoki"). 

In the Response to Arguments section of the Office Action, the Examiner indicates, inter 
alia, that "examiner maintains (see Interview on 9/13/06 and in the Interview Summary mailed 
9/15/06) the validity of the interpretation of element 407 as liquid crystal panel because a liquid 
crystal panel is what is now claimed." 

1046337 vl 



Serial No. 10/814,903 -7- Docket No. 5000-5157 

Paper dated February 9, 2007 

In reply to Office Action dated October 12, 2006 

Telephone Interview 

During the January 30, 2007 telephone interview, an issue was whether the Shirasaki's 
single liquid crystal layer 407 can be interpreted as "a liquid crystal panel' 5 of the present 
invention. Applicants explained that the term "liquid crystal panel" in the present invention is 
used to mean a liquid crystal display device formed with a multi-layered structure including at 
least top and bottom electrodes, and a liquid crystal layer contained between the electrodes. 
Applicants also referred to a portion of the original specification (i.e., the second full paragraph 
of page 6 (i.e., lines 10-22) to support this argument. Upon listening to Applicants explanation, 
the Examiner indicated that he will consider the issue further and get back to Applicants next day. 

On January 31, 2007, the Examiner contacted Applicants and indicated that he is willing 
to accept Applicants argument if Applicants provide a reference that teaches the term "liquid 
crystal panel" is used in the field to indicate a multi-layered device, i.e., more than a single liquid 
crystal layer. 

In response, Applicants submit herewith U.S. Patent No, 4,260,224 to Takayama 
("Takayama") issued on April 7, 1981 entitled "Multi-Layer Liquid Crystal Panel" as an exhibit 
(Exhibit 1). Applicants note that the issue date (i.e., April 7, 1981) of Takayama is before the 
filing date (i.e., March 30, 2004) of the present application. Takayama is directed to a liquid 
crystal panel using multi layers of liquid crystal. In particular, Fig. 1 of Takayama shows a 
structure of a conventional single-layer liquid crystal panel. A portion of Takayama (e.g., col. 2, 
lines 41+) describes that "[i]n the conventional single-layer liquid crystal panel shown in Fig. 1, 
upper panel glass 1 and lower panel glass 2 functions as electrode substrates and are both of 
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transparent glass. Liquid crystal material 3 is held in a thin layer between upper layer and lower 
panel glasses 1 and 2 and the cell is sealed by seal member 4." 

Additionally, the Dictionary of Flat Panel Display Technology published in Japan in 
2001 (ISBN4-7693-7104-7 C3555) includes a section that shows the device structure of a liquid 
crystal display. Applicants submit herewith a relevant section (i.e., section 1.1. 6) of the 
Japanese dictionary and its English translation as another exhibit (Exhibit 2). In particular, the 
relevant section indicates, inter alia, that "liquid crystal is sandwiched between two substrates 
and electric field is applied to the liquid cyrstal." 

Accordingly, for at least in view of Takayama and the Japanese dictionary, Applicants 
believe that it is appropriate to interpret the term "liquid crystal panel" of the pending claims as a 
liquid crystal display device formed with a multi-layered structure, not as a single liquid crystal 
layer. 

Applicants believe that the rejections directed to the pending claims (i.e., claims 1-11,15 
and 16) under 35 U.S.C. §§102(b) and 103(a) should be withdrawn. 

Applicants believe that the application is in condition for allowance and such action is 
respectfully requested. 
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AUTHORIZATION 



A petition for a one-month extension of time along with the associated fee is enclosed, 
extending the date for responding until February 12, 2007. Should an additional extension of 
time be required to render this paper timely filed, such extension is hereby petitioned and the 
Commissioner is authorized to charge any other fees necessitated by this Amendment, or credit 
any overpayment to our Deposit Account No. 1 3-4500 (Order No. 5000-5 1 57). A DUPLICATE 
COPY OF THIS SHEET IS ENCLOSED. 

An early and favorable examination on the merits is respectfully requested. 



Correspondence Address : 

MORGAN & FINNEGAN, L.L.P. 
3 World Financial Center 
New York, NY 10281-2101 
(212)415-8700 Telephone 
(212)415-8701 Facsimile 



Respectfully submitted, 
MORGAN & FINNEGAN, L.L.P. 



Dated: February 9, 2007 



By: 




Steven F. Meyer 
Registration No. 35,613 
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[57] ABSTRACT 

In a multi-layer liquid crystal display panel the termi- 
nals for making connection to the electrodes on the 
plates of each cell layer are so disposed that the termi- 
nals for each cell are out of registry with the terminals 
for all of the other cells. The terminals are connected to 
external circuitry by way of conductive elastomer 
blocks, the compressibility of the blocks being such that 
substantially identical blocks can be used for makirn? 
contact with the terminals on all of the plates. 

7 Claims, 22 Drawing Figures 
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MULTI-LAYER LIQUID CRYSTAL PANEL 

BACKGROUND OF THE INVENTION 
In the design and manufacture of multi-layer liquid 5 
crystal display panels, it has been necessary to provide 
for making electrical connection with the electrodes on 
each of the plates of each of the layers in the multi-layer 
display device. In general, connection to the electrodes 
has been ejected through terminals disposed at the 10 
edge of each plate. In order to gain access to each termi- 
nal, it has been necessary to make each plate in the 
multi-layer stack larger than the plate below same. This 
has had the unfortunate and undesired consequence that 
the lowest plate in a stack is substantially smaller than 15 
the highest plate so that the available area for display by 
the entire stack is limited to that of the lowest plate in 
the stack, which, as aforenoted, is considerably smaller 
than the highest plate. As is evident, it would be highly 
desirable that the difference in size between the lowest 
and highest plates be minimized. The present invention 
is designed to achieve this objective. 
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In multi-layer liquid cyrstal panel, each plate com- 
prising the panel has at least one electrode and an elec- 
trode terminal thereon, the electrode and the electrode 
terminal being electrically continuous. The multi-layer 
panel is made up of a plurality of pairs of plates, each , 0 
pair of plates constituting a cell One edge of each upper 
plate extends below the lower plate of the pair as well as 
beyond the corresponding edges of the plates of the 
pairs below same. The electrode terminal for each 
upper plate is disposed on that portion of the edge « 
which extends beyond the edges of the plates below 
same. The extended portion of each of the upper plates 
lies along a different corresponding edge of the panel 
Accordingly, none of the electrode terminals are in 
registry with each other. Also, since only one edge of 40 
any plate need extend beyond the corresponding edges 
of the plates below same, the difference in size between 
any plate and the plates below same is minimal. 

Electrical connection between the electrode termi- 
nals and external circuitry is made by way of conduc- 45 
live elastomeric means, a preferred elastomer being 
rubber. The compressibility of the rubber relative to the 
thickness of the panel and the plates of the panel is 
selected to be such that blocks of conductive elastomer 
of substantially identical height can be used throughout, 50 

Accordingly, an object of the present invention is a 
multi-layer liquid crystal panel of maximum display 
area. 

Another object of the present invention is a multi- 
layer liquid crystal panel wherein electrode terminals 55 
are disposed along the edges of the upper plate in each 
of the cells comprising said panel and said terminals are 
so disposed that no terminals are in registry with each 
other. 

A further object of the present invention is a muiti- 60 
layer liquid crystal panel in which the upper plate in 
each pair of plates making up a cell extends at only one 
edge thereof over the other of the plates in said cell and 
over the plates of the cells below same in said panel. 

An important object of the present invention is a 65 
multi-layer liquid crystal panel in which electrical 
contact between electrode terminals and external cir- 
cuitry is made by means of a conductive elastomer and 



in which the heights of the blocks of elastomer used for 
making said contact are substantially identical. 

Still other objects and advantages of the invention 
will in part be obvious and will in part be apparent from 
the specification. 

The invention accordingly comprises an article of 
manufacture possessing the features, properties, and the 
relation of elements which will be exemplified in the 
article hereinafter described, and the scope of the inven- 
tion will be indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a fuller understanding of the invention, reference 
is had to the following description taken in connection 
with the accompanying drawings, in which; 

FIG. 1 is a sectional view of a conventional single- 
layer liquid crystal panel in a display device; 
FIG. 2 is a plan view of the embodiment of FIG. 1; 
FIG, 3 is a sectional view of a conventional bi-layer 
liquid crystal panel; 
FIG. 4 is a plan view of the embodiment of FIG. 3; 
FIG. 5 is a sectional view of a double-layer liquid 
crystal panel tit accordance with the present invention; 
FIG. 6 is a plan view of the embodiment of FIG. 5;' 
FIG. 7 is a plan view of a portion of a fourfold-layer 
liquid crystal panel showing an arrangement of the 
plates in said panel and the electrode terminals on said 
plates; 

FIG. 8 shows the disposition of electrodes for \ mul- 
tiplex drive; 

FIGS. 9a and 9b show wave forms of inputs which 
are applied to common electrodes for J multiplex drive; 

FIGS. 10c, 10/ 10/ and 10/ show input wave forms 
which may be applied to segment electrodes; and 

FIGS. IU 10e, I0g. 104, 10j, 10*. 10m and 10* show 
wave forms of potential difference resulting from the 
inputs shown in the previous Figures. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
In the conventional single-layer liquid crystal panel 
shown in FIG. 1, upper panel glass 1 and lower panel 
glass 2 function as electrode substrates and are both of 
transparent glass. Liquid crystal material 3 is held in a 
thin layer between upper and lower panel glasses 1 and 
2 and the cell is sealed by seal member 4. Polarizing 
plates 5 and 6 sandwich the cell. A transparent segment 
electrode 7 and a lead electrode 8 for a common elec- 
trode are provided on upper panel glass 1. Transparent 
common electrode 9 is disposed on lower panel glass 2 
and electrically connected with lead electrode 8 
through conducting member 10 which may be of a 
conducting rubber or other conductive elastomer. Seg- 
ment electrode 7 and lead electrode 8 have electrode 
terminal portions 11 and 12 at opposite ends of panel 
glass 1, these terminal portions being electrically con- 
nected with patterned-copper leaves 16 and 17 on cir- 
cuit board 15, connection being made through conduc- 
tive resilient members 13 and 14. A reflecting plate 18 
makes it easier to read the figures displayed on the 
liquid crystal panel. The panel is held in panel frame 19 
relative to circuit board 15. An external driving circuit 
is connected with the panel through the copper-leaf 
pattern 16 and 17. The signal from the external circuitry 
passes through conductive resilient members 13 and 14 
and produces a voltage between segment electrode 7 on 
upper panel glass 1 and common electrode 9 on lower 
panel glass 2. 
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a smgle layer of the panel are a. one edge of the panel in which five transparent elect roj subs traces 172 

and different edges of the panel are used for the termi- through 175 are shown all of 7l™ ?Z L2? k •' I 

will be out of registry with ffoS"^^ STS!£ *«L sotetnite f He a,on * ed f P°"i°» «* 
The terminals of ail of the electrodes" are connected 10 ^^m££> °/JTl *T 
with copper-leaf patterns 133 and 134 on circuit board 2 ftte '^ll 2 1 it 1 the lead 5 lecrrodes 
132 through conductive resilient members 130 and 131. ^electrodes on the upper surface of the 

Reflector panel 135 increases the visibility of the figures SSMt ^ eCt f d \ substrate 172 ha * a 
displayed by the liquid crystal panel. The panel is held 18 / a!on S bott0 !? edge thereof ' 05 viewed iR 

to circuit board 132 by pane! frame 136. The copper-leaf 15 fiP V*« g r wh ! ch are dlsposed 1*2. m 

patterns 133 and 134 are connectable to external cir- f \ Z 8 <? f °f the ^ment electrodes and the lead 
cuitry for driving the liquid crystal displays. The signal f ec * ro f es [<£ the common electrodes. Again, the left- 
from the external circuitry traverses conductive resil- ? " VeS f ° r h ° lding the termmals 188, 

lent members 130 and 131 for generating the required ? segment electrodes on electrode 

selected voltages between segment electrodes 120 and 20 substrate 173 as we!l ■« for the *ead electrode for the 
121 and the common electrodes 124 and 125. common electrodes. Finally, substrate 174 has edge 

FIG. 6 is a plan view of a double-layer liquid crystal P ortIon 191 °« which are disposed terminals 192, 193, 
panel in accordance with the present invention the dou~ 194 and 195 cotine cted with the segment electrodes and 
ble layers including upper panel glass 137, middle panel tfi ? !ead eIectrode s for the common electrodes. As is 
glass 138 and lower panel glass 139. Seal member 140 is 25 *y ident > this quadruple-layer liquid crystal panel has a 
disposed between upper panel glass 137 and middle d . B P»y portion which is almost as large as that of a 
panel glass 138 and sea! member 142 lies between mid- single-layer liquid crystal panel, 
die panel glass 138 and lower panel glass 139. Liquid FIGS. 9a and 9b represent waveforms of inputs 
crystal material 141 is packaged within seal member 140 wmch are applied to the common electrodes 202 and 
and liquid crystal 143 within seal member 142. Portion 30 203 of FIG * 8 for i multiplex drive. The waveform of 
144 is provided on upper panel glass 137 for making FIG - 9a represents the input voltage applied to the 
connection to the electrodes thereon. The segment elec- common electrode 202 and FIG. 9b represents the input 
trades have contact terminals 145 through 152 and the voltage applied to the common electrode 203. 
lead electrodes for the common electrodes for driving Four kmds of input waveforms which may be applied 
liquid crystal 141 are disposed in portion 144. Portion 35 to .segment electrodes are shown in FIGS. 10c, 10/ 10/ 
153 which is on the edge of the display panel opposed to anG * These waveforms have phase-shifted voltages 
portion 144 is provided for making contact with the m & constitute the input to segment electrode 201 
electrodes on middle panel glass 138. Terminals 154 FIG S. HW, lOg, 10/ and 10m show the difference be- 
through 161 for making connection with the segment twee « the input voltages 10c, 10/ 10/ and 10/ into the 
electrodes and the lead electrodes for the common elec- 40 segment electrode 201 and the input voltages 9a into the 
trades are all disposed in portion 153, The electrode common electrode 202, in other words, the voltage 
arrangement in the liquid crystals 141 and 143 is the which is applied to the overlap portion 204, Since the 
same as in FIG. 2. The figure displayed by the liquid voltage characteristic of excitation of liquid crystal is 
crystal 141 is indicated by the reference numeral 162 non-linear, the liquid crystal material is excited at the 
and m this case is a numeral "3". The figure displayed 45 effective voltage where the waveform of the potential 
by liquid I crystal 143 is indicated by the reference nu« difference is Wd, 10c, IQg and 10* and the liquid crystal 
meral 163 and, in this case, is the numeral "2". is not excited, when the effective voltage is such that the 

As aforenoted, in the double-layer liquid crystal panel potential difference is 104 10/ 10m or 10«, From the 
in accordance with the present invention, the portions above discussion, it can be seen that two segments can 
ot the glass plate provided for disposing the electrode 50 independently turn on or off by the use of only one 
terminals thereon is at a single region of the plate so that segment electrode. Where this J multiplex drive method 
trie portions of the plates of different liquid crystal lay- is applied to the double-layer liquid crystal panel which 
ers on which electrode terminals are disposed may not is one of the embodiments of the present invention it is 
overlap each other, that is, must be out of registry with possible to provide the same content of display on one 
each other. With this type of structure, the area in 55 side of the liquid crystal of the double-layer liquid crvs- 
which figures are to be displayed can be almost as great tat panel without making small the separation between 
a ff^ayer liquid crystal panel having the electrode terminals if the electrode terminals provided 
same external panar dimensions. A further advantage in in two adjacent portions for leading the electrodes of 
a double-layer liquid crystal panel in accordance with the conventional single^layer liquid cr^pSd « 
the present invention is that the overall structure is 60 joined in one portion for making connection to the 

frin^H th t° n] l lW ° ronduct l V ? r ? ilient memt * rs te ™ ls be made larger, the elecTrode structuTe of 
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having a larger number of layers than two. FIG 7 is a tional ZZm g ™t afoLoted ' ** ^ 
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A further advantage of the present structure can be 
seen in reference to FIG. 5, for example, in which elec- 
trical connection can be provided by substituting con- 
ductive resilient member 130 for conductive resilient 
member 131 under the condition that the thickness of 
the middle panel glass 112 is smaller than the compress- 
ibility of the conductive resilient member 131. As a 
result, only one type of elastomeric member need be 
provided, thus resulting in a further reduction in cost 
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ity of segmented transparent electrode means disposed 
thereon for forming at least one complete character 
when an electric field is selectively applied across said 
liquid crystal between said segment electrode means 
and said common electrode means, one of said plates 
having a terminal region on a single edge in each cell, 
said terminal region extending beyond the edge of the 
opposed plate, all of the terminals for connecting the 
electrodes of each display cell to the electrical circuitry 



* - A . • , ~ « , . • *•* wwnuuwjvi cawii wapiay ucu 10 me eiecincai circuitry 

Moreover, the thickness of the display device itself 10 through conducting resilient means being located on 



becomes smaller. These advantages accrue whenever 
the multilayer liquid crystal panel has more than two 
liquid crystal layers. The same advantages can be ob- 
tained by placing one single-layer liquid crystal panel 
over another to constitute a multi-layer panel The pres- 
ent invention is applicable to a liquid crystal watch, a 
wristwatch, an electric calculator having a liquid crys- 
tal display and any other display devices which use 
liquid crystal display panels. 

It will thus be seen that the objects set forth above, 20 
among those made apparent from the preceding de- 
scription, are efficiently attained and, since certain 
changes may be made in the above article without de- 
parting from the spirit and scope of the invention, it is ^ „ ua < «, a y , JS . „ ,„„, , - dl u 
intended that all matter contained in the above descrip- 25 numeric character on each cell 
tion and shown in the accompanying drawings shall be 5. The multi-layer liquid crystal display device of 
interpreted as illustrative and not in a limiting sense. claim 1, further including conductive resilient means for 

It is also to be understood that the following claims electrically connecting said terminals at the terminal 
are intended to cover all of the generic and specific region with external circuitry for selectively applying 
features of the invention herein described, and all state- 30 the electric field to the cell. 

ments of the scope of the invention which, as a matter of 6. The multi-layer liquid crystal display device of 
language, might be said to fall therebetween. claim 5 including between two and four layers 

i^ a L»i?u r KI . 7 * The »«ltMayer foiukl crystal display device of 

I. A multi-layer liquid crystal display device compns- claim 9 having two display cells, said terminal region 
mg at least two liquid crystal display cells having four 35 for one display cell being on the opposite side of the 

edeeS. Said Cells fllltmPrl alnno a !in*» nf etaUt *> nn U Al„ At I * . * . V ~ 



said terminal region, said terminal region for each cell 
extending beyond the corrresponding edges of the re- 
maining cells behind said terminal region. 

2. The multi-layer liquid crystal display device of 
15 claim 1, wherein the segmented electrode means for 

forming characters is disposed on the inner surface of 
the upper plate and the electrode means for forming the 
common electrode is disposed on the inner surface of 
the lower plate in each of the cells. 

3. The multi-layer liquid crystal display device of 
claim 2, wherein said plates are rectangular. 

4. The multi-layer liquid crystal display device of 
claim 3, wherein said segmented electrode means is a 
seven bar array for forming at least one complete alpha- 



edges, said cells aligned along a line of sight, each dis- 
play cell including a pair of opposed transparent glass 
plates with a liquid crystal material sealed therebe- 
tween, one of said plates of each cell having transparent 



display device from the terminal region for the second 
display cell, and further including conductive resilient 
means for electrically connecting said withdrawn elec- 
trodes at the terminal regions with external circuitry for 



r ' - r ~ - ,wm i«' w » lluu w *i ici uuimi regions wun external circuit 

electrode means disposed thereon for forming a com- 40 selectively applying the electric field to the cells 
mon electrode, the other of said plates having a plural- * ♦ * * * 
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1.1.6 DEVICE STRUCTURE AND DISPLAY METHODS OF LCD 

FIG. 1 shows an example of a device structure of liquid crystal display. 
Liquid crystal is sandwiched between two substrates and electric field is applied 
to the liquid crystal. Normally, the distance between the substrates is a few 
micrometers. A glass substrate, a plastic substrate, a silicone substrate and so 
forth are used for the substrate. A transparent substrate is used for at least one of 
the two substrates. A transparent electrode such as ITO (Indium Tin Oxide), metal 
film and so forth are used for a film to which electric field is applied. An orientation 
film is frequently used for orientating crystal liquid. 
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FIG. 1 DEVICE STRUCTURE OF LIQUID CRYSTAL DISPLAY 



